The automotive assembly manufacturing occupy the central position in the automotive manufacturing process. How to reasonably evaluate the performance of the automotive assembly manufacturing is the primary problem to be solved. To solve the problems of automotive assembly manufacturing performance evaluation, the automotive assembly evaluation indicators will be divided into quality, efficiency, cost and service in this paper. This paper will build the evaluation system of the automotive assembly manufacturing. And the use of Bayesian networks to evaluate the automotive assembly manufacturing can determine the operational status of the entire system. The Bayesian networks with bidirectional inference can infer the possible exceptions indicators when an exception of the system occurs.
INTRODUCTION
Automotive assembly plays a central role in the automotive manufacturing process, assembly manufacturing performance determines the performance of the entire manufacturing system. In the highly automated industry, approximately one third of the total workforce is engaged in assembly [1] . According to statistics, in the automotive manufacturing process, assembly work accounts for 20% -70% of the entire production workload, assembly time by 40% -60% of the total manufacturing time, assembly cost by 30% -50% of the total cost .A large number of personnel involved, complex material supply lead to the automotive manufacturing process of greater volatility than other shop manufacturing, automobile assembly segment has become one of the major bottleneck restricting automobile production. Therefore, the correct measure of the performance of the manufacturing system to quickly find the cause of assembly manufacturing performance short board, establish a comprehensive index system of automobile assembly plant, has a very important theoretical and practical significance. Currently, the researches for the evaluation of automotive manufacturing process at home and abroad mainly focus on establishing evaluation index and the evaluation methods. Research on evaluation index system, the existing studies major problem is that the index system is not perfect, complete, and does not reflect the whole process of assembly manufacture. This paper build a automotive assembly evaluation system by analyzing the characteristics of the automotive assembly production. The system with quality, efficiency, cost and service as key performance indicators and the overall system operating status as the final goal, covers the entire automotive assembly of the whole process from different angles.
As to evaluation research methods, traditional evaluation methods include qualitative analysis, statistical analysis, systems engineering, fuzzy mathematics, intelligent evaluation methods, etc [2] . Qualitative analysis includes Delphi, expert meetings law, etc. Statistical analysis includes a main component analysis, factor analysis, cluster analysis and other methods. Systems engineering methods include AHP, the correlation matrix, etc. Fuzzy method includes fuzzy comprehensive evaluation method, fuzzy integral, fuzzy pattern recognition method and other methods. Intelligent evaluation method is mainly based on BP artificial neural network. But the above methods cannot find out the most likely cause of the exception when the system occurs an exception. The Bayesian inference network is a two-way inference network and often used for uncertain and probabilistic events. Therefore, this paper uses a Bayesian network to evaluate the assembly manufacturing system. When an exception occurs, we calculate the maximum posterior probability to find out the most unusual aspects to enhance rapid response capacity of the entire system.
AUTOMOTIVE ASSEMBLY PRODUCTION CHARACTERISTICS
The technological process of automobile assembly line process is quite complex. The production performance is influenced by people, machines, material and other factors. General automotive assembly production has the following characteristics:
Complexity
Assembly process is a complicated technics, excessive working procedures, long periods process [3] . And it is prone to production bottlenecks, resulting in the manufacturing balance decreased.
Diversity
Assembly production process requires a variety of materials and machines. The diversity of materials and machines result in the diversity of production. 
Sudden
Timely distribution of material, material delivery accuracy and operational status of equipment is prone to abnormal, uncertainty. Therefore assembly manufacturing system may have a sudden.
ASSEMBLY PRODUCTION INDEX SYSTEM
According to the characteristics of the automotive assembly production, the system with quality, efficiency, cost, services as the key performance indicators and with system status as the goal is built. Specific indicators system is shown in Fig.1 . We select several key performance indicators as evaluation index in this paper. And the ultimate goal of the production system assembly is within a reasonable cost range to improve the quality and efficiency of the production as much as possible.
Quality
Quality is an indicator of great importance to the various manufacturers. Not only the quality of the product affects customer satisfaction thereby affecting sales, and higher quality to improve production efficiency, reduce production costs also play a key role. Suppose A1 represents the quality, when A1 =1, it indicates that the quality meet production requirements; A1 =0, quality is not up to standard.
(1)One Qualified Rate: One qualified rate refers to the number of qualified products for the first time percentage of the total number of products. It is a measure of corporate quality assurance capabilities and product quality control It is important for the effectiveness of quality indicators. The higher of one qualified rate, the quality of products will be better. Suppose X1 represents one qualified rate of the total product at time t, let p is the probability of a one-time pass rate for each product, N is the number of products produced. When X1 is above a threshold α , represents the quality is acceptable; below α , the quality is not acceptable. X1 is subject to binomial distribution of B(N,p), as in (1).
(2)Material Quality: The material quality refers to the number of unqualified material percentage of the total number of material. When the material quality failure rate reaches a certain proportion, the product quality will be a larger problem. Suppose the rate is β and the failure of a batch of material was q at time t , the overall failure rate of the material X2 [4] . so X2 is subject to binomial distribution of B(N,q),as in (2).
Efficiency
Efficiency refers to the production per unit time. It is a crucial indicator for manufacturing company. Suppose A2 is the efficiency in the manufacture of the assembly. When A2 =1, that meet the requirements of efficiency; A2= 0, it indicates that the efficiency cannot meet the requirements. (1)Materials Timely Delivery: Material handling process refers to the transportation of the required parts to the right station from the central inventory when requested [5] . Materials timely delivery refers that materials can be timely sent to the production site to meet production needs. Suppose X3 is provided with the materials timely delivery. When X3=1, that the material can be timely arrived to meet production needs; X3=0, it indicates that the material cannot meet the production. The materials timely delivery is no fixed probability distribution model. We can get it from historical data to calculate statistics.
(2)Material Delivery Accuracy: Material delivery accuracy is guaranteed that when the material which reaches the production site is correct, needed materials. Suppose X4 is provided with the material delivery accuracy. When X4=1, that the material can be correctly arrived to meet production needs; X4=0, it indicates that the material is not the production needs of the material. The materials timely delivery is also no fixed probability distribution model. We can get it from historical data to calculate statistics. (3)Equipment Down Rate: Equipment down rate refers to the operational status of equipment. The equipment down rate is smaller, the better. Assuming there are N machines in the production site and the device i disposed down with the probability of i γ Suppose X5 is provided with the equipment down rate. When X5=1, it indicates little impact on the operating efficiency and the equipment is normal. X5=1, it indicates the equipment failure. So the probability of abnormal is as in (3):
In summary, this paper adopts one qualified rate, material quality, materials timely delivery, material delivery accuracy and equipment down rate as the key performance indicators. The assembly manufacturing systems were evaluated using the Bayesian network.
BAYESIAN NETWORK MODEL

Bayesian Networks
Generally, Bayesian networks consist of two parts, one is the Bayesian network structure, which is a directed acyclic graph. Each node in the structure represents the corresponding variable. Connections between the nodes represent the Bayesian conditions network independent semantics. The other part is the conditional probability table between the nodes, which is a range of probability values. If a Bayesian network provides sufficient conditional probability value, it is enough to calculate any given joint probability. A Bayesian network is an annotated directed graph that encodes probabilistic relationships among distinctions of interest in an uncertain-reasoning problem [6] . Bayesian networks have several advantages as integrating frameworks including the ability to combine quantitative and qualitative data, explicitly consider uncertainty and they can be easily updated as new knowledge about a system becomes available [7] . It mainly used to represent dependencies between variables and it provides a concise specification for any full joint probability distribution. We can quickly get the probability of each event based on Bayesian network basic network structure and conditional probability table. When the assembly manufacturing system is abnormal, the probability of the event that caused the exception can be got by back-stepping approach. For Bayesian networks, we require that the network does not contain cycles [8] . This is important. The Bayesian network is a directed acyclic graph. And each child node is the direct cause of its direct parent node. In the assembly line production index System, we regard the system status as the root S. Suppose when S= 0, the system is abnormal; S=1, the system is normal. We build a Bayesian network model for the automotive assembly production shown in Fig.2 . And corresponding to the assembly system nodes status, they are shown in Table 1 .
Probability Calculation
By Fig. 2 , Table 1 and the total probability formula, as in (4), we can get a full probabilistic of the system exception, as in (5) Since A1,A2 is independent, the (5) can be changed to (6).
For the same formula, (7) and (8) can be obtained. ( ) ( | , , ) ( ) ( ) ( )
According to the posterior probability (9), when the system exception occurs, we can obtain each node of the possibility of an exception.
CASE STUDY
Taking an automotive assembly line for example, the probability distribution of the nodes is based on the historical statistical data. When the system state P(S=1) <0.5, it indicates poor system operation; 0.5<P(S=1)<0.7, the system is running in general; 0.7<P(S=1)<0.9, the system is running well; P(S=1)>0.9, the system is running good. Each node probability distribution is shown in Table  2 ,3,4,5.
Table2. Leaf Nodes Probability Table   Var Table4. X3,X4,X5,A2 Conditional Probability Table   X3  X4 Table5. A1,A2,S Conditional Probability Table   A1 According to (3) (4) (5), we can calculate as follows: P(A1=0)=0.1223 P(A1=1)=0.8777 P(A2=0)=0.1594 P(A2=1)=0.8406 P(S=0)=0.1559,P(S=1)=0.8441 Since 0.7<P(S=1)<0.9, the system is running well. When the system exception occurs, Probability of each node exception calculated according to (6) as follows. Similarly, P(X2<0.95|S=0)=2.3% P(X3=0|S=0)=38.6% P(X4=0|S=0)=26% P(X5=0|S=0)=13.7%. According to calculation, the maximum probability is P(X =0|S=0) and P(X4=0|S=0). So when the system occurs an exception is most likely due to materials timely delivery and material delivery accuracy. The system should strengthen the supply chain system to ensure system efficiency.
CONCLUSION
In this paper, we regard the efficiency, quality, cost and service as the key performance indicators, and build a automotive assembly line comprehensive evaluation system. This system is evaluated by the Bayesian network. The Bayesian networks with bidirectional inference can get the probability of system status. And when the system occurs an exception, it can deduce the most likely to cause the exception of the index factor. Finally, the system is verified by examples. Ultimately we prove the proposed method can find the weak links in the production chain, and the system can provide the basis for enterprises to strengthen production management.
